Asymmetry of the human cerebellum was investigated using intrinsic functional 28 connectivity. Regions of functional asymmetry within the cerebellum were identified 29 during resting-state functional MRI (fMRI; N=500) and replicated in an independent 30 cohort (N=500). The most strongly right lateralized cerebellar regions fell within the 31 posterior lobe including Crus I and Crus II in regions estimated to link to cerebral 32 association cortex. The most strongly left lateralized cerebellar regions were located in 33 lobules VI and VIII in regions linked to distinct cerebral association networks. 
Introduction 50
12s per run, mean = 1.7 runs). All data were collected on matched 3T Tim Trio scanners 143 (Siemens, Erlangen, Germany) using a 12-channel phased-array head coil. Images were 144 acquired using a gradient-echo echo-planar pulse sequence sensitive to blood 145 oxygenation level-dependent (BOLD) contrast (TR = 3000 ms, TE = 30 ms, flip angle = 146 
Functional and structural MRI data processing 157
Resting-state fMRI data were processed using previously described procedures 158 signal intensity across runs, and (4) low-pass temporal filtering, head-motion regression, 164 whole-brain signal regression, and ventricular and white-matter signal regression. 165
The structural data were processed using the FreeSurfer version 4.5.0 software 166 package, as described in Yeo et al. (2011) . The version and processing environment were 167
held constant for analysis of the full data sample. Surface mesh representations of the 168 cortex from individual structural images were reconstructed and registered to a commonwere then aligned to the common spherical coordinate system via sampling from the 175 middle of the cortical ribbon in a single interpolation step (see Yeo et al. 2011 for 176 details). 177
In this study, a symmetric surface template of the cerebral cortex was constructed. 178
The symmetric surface template was downsampled to 642 vertices in each hemisphere. 179 fMRI data of each individual were then registered to this template thus allowing a direct 180 comparison between anatomically homologous regions between the two hemispheres. 181
182

Hybrid surface-and volume-based alignment 183
The cerebral signal and cerebellar signal were aligned to the templates using a 184 hybrid surface-and volume-based approach (Buckner et al. 2011 ). The cerebral cortex 185 was modeled as a surface as described in Yeo et al. (2011) and the cerebellum was 186 aligned using non-linear volumetric registration as described in Buckner et al. (2011) . 187
The volumetric registration algorithm was proceeded by jointly deforming the structural 188 volume to a probabilistic template and classifying each native brain voxel into one of 189 multiple brain structures, including left and right cerebellar gray and white matter (Fischl 190 et al. 2002 (Fischl 190 et al. , 2004a (Fischl 190 et al. , 2004b . A nonlinear deformation was employed to reduce intersubject 191 anatomical variability (Buckner et al. 2011 ). The resulting volumetric fMRI data were 192 smoothed with a 6 mm FWHM smoothing kernel constrained by the cerebellum mask 193 defined using the FreeSurfer template (Fischl et al. 2002 (Fischl et al. , 2004a (Fischl et al. , 2004b The iLI was then computed based on the relative correlation differences between 239 two homologous ROI pairs according to Eq. 1. 240
Where P1 is the functional correlation between an ROI pair within the right cerebellar 244 cortex ( Figure 1A ), or an ROI pair between right cerebral cortex and left cerebellum 245 (Figure 1B) , or a pair within the right cerebral cortex ( Figure 1C) ; P2 is the correlation 246 strength in the homologous pair. Therefore iLI ranges from -1 to +1, with positive value 247 indicating right lateralization. 248
Insert Figure 1 About Here 251
For each one of these pairwise correlations, we averaged the corresponding iLI 254 values across the Discovery dataset of 500 individuals. The resulting mean iLIs were then 255 sorted to determine those regions showing the strongest levels of lateralization. We haveselected the top 100 cerebral iLIs, top 100 cerebellar iLIs, and top 250 cerebrocerebellar 257 iLIs. To derive a single metric for each specific network, the iLI values involved in these 258 left-and right-lateralized regions were then averaged for each individual. 259
260
Semantic Decision Task 261
Fifty-five subjects each performed three task-based fMRI runs of an abstract / 262 concrete semantic classification task (Demb et al. 1995; Desmond et al. 1995) . Our 263 design manipulated familiarity to isolate regions specifically involved in controlled 264 semantic retrieval. During a prescan familiarization phase, subjects repeatedly classified 265 the same 4 words (2 abstract and 2 concrete) for 5 repetitions. During the scan, each run 266 consisted of four 30-s "novel" blocks of task, four 30-s "familiar" blocks, and four 30-s 267 block of fixation. In each novel block, 10 novel words (5 concrete and 5 abstract words in 268 random order) were presented for 2-s with 1-s inter-stimulus interval. In the familiar 269 block, the 4 practiced words were presented repeatedly. The subject's task was to indicate 270 if each word was concrete or abstract independent of novelty. In total, 120 novel words 271 and 4 familiar words were employed. Participants were instructed to respond by pressing 272 a single key with the index finger of each hand. The MRI data acquisition parameters 273 were identical to the resting-state scan described above, except that 124 time points were 274 acquired in each task run. Data were first analyzed using the general linear model in 275 participants' native fMRI space. Brain regions participating in controlled semantic 276 retrieval were isolated by contrasting the novel versus familiar condition. The maps of 277 individual participants including the cerebrum and cerebellum were transformed into the 278
FreeSurfer nonlinear volumetric space for group analysis. 
Cerebellum Is Lateralized in Function 291
We first identified functionally lateralized regions of the cerebellum. An intrinsic 292
Laterality Index (iLI) was constructed for regions throughout the cerebellum based on 293 spontaneous functional activity by examining relative correlation strengths between seed 294 and target regions in the two cerebellar hemispheres, similar to the approach described in 295 our previous study for the cerebral cortex (Liu et al. 2009 ). 1,000 healthy young subjects 296 were divided into Discovery (n=500) and Replication (n=500) samples. 275 cubic regions 297 
To obtain the most stable map of the lateralized regions in the human cerebellum, 316 the same analysis was performed in the full sample of 1,000 subjects ( 
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Functional Lateralization Emerges In Large-scale Cerebrocerebellar Networks 327
Previous clinical and imaging studies have indicated cerebellar asymmetry may 328 co-vary with the cerebral asymmetry. Here we examined the relation between cerebellar 329 and cerebral asymmetry. Spontaneous functional activity in the cerebral cortex was 330 projected to the surface of a symmetric brain template (see Methods). The surface of each 331 cerebral hemisphere was tessellated into 642 triangular vertices, resulting in 205,761 332 possible region pairs. Connectivity strength between each cerebral region pair was 333 compared to the homologous region pair to determine the cerebral iLI. The 100 most 334 lateralized region pairs were identified in the full sample of 1,000 subjects ( Figure 4C ). 335
The left lateralized regions involved the inferior frontal gyrus, superior temporal gyrus, 336 and temporal pole ( Figure 4C , right panel). The 100 most right lateralized pairs involved 337 the insula and angular gyrus ( Figure 4C , left panel). These lateralized cerebral regions 338 replicate several of the networks previously found using a volume-based approach with a 339 smaller dataset (Liu et al. 2009 ). However, certain aspects of the prior results were 340 mitigated by the use of the symmetric surface registered template, suggesting someaccounted for by the present approach. 343
Insert Figure 4 About Here 346 The cerebral and cerebellar regions involved in these lateralized cerebrocerebellar 361 couplings ( Figure 4B ) largely overlap with the regions identified using the cerebral 362 connectivity alone ( Figure 4C ) and using the cerebellar connectivity alone ( Figure 4A ). 363
The laterality analyses above all suggest that non-motor regions of the cerebellum 364 are functionally asymmetric (Figure 4 ). Here we examined whether these lateralized 365 regions in the cerebellum and the cerebral cortex belong to the same functional 366 networks. We based these analyses on our prior parcellation of the cerebrum (Yeo et al. 367 2011) and cerebellum (Buckner et al. 2011 ) into 7 functional networks. In that earlier 368 analysis, each voxel in the cerebellum was labeled as a member of a particular network ifassociation networks ( Figure 5C ). Note that the cerebellar and cerebral asymmetry maps 373 were computed independently and were affected differently by acquisition asymmetries 374 (e.g., asymmetries in the MRI field) and anatomic asymmetries. Thus, the convergence of 375 functional asymmetries on the same networks within the cerebrum and cerebellum is not 376 obligated and suggests parallel functional organization. 377
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Cerebellar Lateralization Parallels Cerebral Lateralization Across Individuals 383
We turned to individual differences to explore further the possibility that 384 cerebellar lateralization tracks cerebral lateralization. For this analysis, the lateralized 385 regions identified in the Discovery sample were examined in the individual subjects 386 within the Replication sample. The most lateralized cerebral and cerebellar regions pairs 387 were first determined in the Discovery sample (same process as in Figure 4 ). For each 388 individual in the Replication sample, cerebral and cerebellar laterality indices were then 389 computed by averaging the laterality index of these lateralized pairs within each 390
hemisphere. Therefore four iLIs were derived for each of the 500 subjects, corresponding 391 to the left lateralized and right lateralized regions determined by the cerebral and 392 cerebellar couplings, respectively. The distributions of these iLIs in the Replication 393 sample showed strong lateralization (Figure 6 ), suggesting that most individuals have 394 lateralized cerebral and cerebellar functions. 395
----------------------------------------397
We next tested whether cerebellar lateralization is associated with cerebral 401 lateralization across subjects. For this analysis we used the full sample. The cerebral iLI 402 and cerebellar iLI were significantly correlated for both the left cerebellum / right 403 cerebrum and right cerebellum / left cerebrum (Figure 7 , both p<0.001). Again, because 404 the cerebral and cerebellar values are independently computed this is not an obligated 405 result. Rather, the relation indicates that significant between-subject variance in cerebral 406 asymmetry is matched by cerebellar asymmetry. 407
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Cerebellar Asymmetry at Rest Predicts Cerebral Asymmetry During Semantic 413
Classification 414
An implication of the above results is that functional asymmetry estimates of the 415 cerebellum capture stable properties of functional organization within an individual. 416
However, it is difficult to rule out other potential contributing sources of variance (such 417 as momentary functional shifts in organization) because only a single type of measure is 418 made at the same time for both the cerebellum and cerebrum. Here we asked whether 419 functional asymmetry measured in the cerebellum at rest is associated with task-based 420 functional asymmetry measurements. 421
At the group level, strong lateralization was seen in lateral prefrontal cortex and 422 the CrusI/II in the cerebellum for novel as contrast to familiar semantic classification 423 ( Figure 8A ). These activated cerebral and cerebellar regions overlapped with the 424 lateralized regions identified by intrinsic connectivity (see Figure 3) . We next computed 425 the language laterality index for the individual subjects using an approach previously 
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Functional Asymmetry is Related to Handedness 440
As a final analysis, we investigated the effect of handedness on functional 441 asymmetry in 52 left-handed and 52 matched right-handed individuals (Table 1) . brain template and applied a surface-based alignment that better accounts for the 561 anatomical asymmetry. However, even with the symmetric template, misalignment could 562 still cause erroneous results. Functional asymmetry estimated in cerebellum is less 563 affected by the anatomical asymmetry (or at the very least, affected differently). We 564 found that the degree of lateralization in the cerebellum is correlated with the 565 lateralization in the cerebrum, suggesting the force driving cerebral lateralization may 566 similarly cause the cerebellar lateralization but in the contralateral hemisphere. These 567 findings suggest the possibility of investigating cerebral functional asymmetry by way of 568 the cerebellum, which is less confounded by anatomical factors. 569
Some cerebellar regions may appear in both left-lateralized and right-lateralized 570 connections. It should be noted that these regions do not always couple to homotopic 571 regions in cerebral cortex, at least to the same degree. For example, functional 572 connectivity between left lobule VI and right insular cortex is stronger than the 573 homotopic connectivity pattern. Functional connectivity between right lobule VI and leftlobule VI is included in both left-lateralized and right-lateralized coupling patterns but 576 these differential connectivity patterns involve distinct cerebral regions. 577
An interesting observation is that cerebellar asymmetry appears to be weaker than 578 cerebral asymmetry. A possible explanation of this difference is that the asymmetries are 579 primarily driven by the cerebral cortex and the cerebellum simply echoes these 580 specializations indirectly by way of its anatomic connectivity. It is also possible the 581 differential asymmetry between the cerebrum and cerebellum is an artifact of technical 582 limitations. It is more difficult to estimate cerebellar properties owing to the small size of 583 the structure and its fine cortical folding pattern. 
